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SPECIFICATIONS 
20 1. TITLE OF INVENTION 
OPTICAL SWITCH 
2. CLAIM 

) 

1 An optical switch comprising: 

a semiconductor silicon substrate that 
25 constitutes an underside electrode; 

a movable electrode plate that is fixed through 
a flexure portion and an anchor portion and is bonded 
into the semiconductor substrate; 

a micro mirror that is formed upstanding on a 
30 topside of the movable electrode plate; 

a tops ide electrode that is pos it ionedat a topside 
of the movable electrode plate and is fixedly bonded 
to the semiconductor silicon substrate; and 

a driving power source that switches a connection 
35 to the topside electrode and the semiconductor 



silicon substrate through a polarity reversal switch 
with reference to the movable electrode plate. 

2 The optical switch set forth in claim 1, wherein 
the semiconductor silicon substrate is composed 

5 of an N-type semiconductor silicon, the movable 
electrode plate and the topside electrode are 
composed of polysilicon and micromachining 
technology is used. 

3 The optical switch set forth in any of claim 1 
10 or claim 2, wherein 

the topside electrode has centrally thereof a 
movable electrode plate receiving recess formed in 
an underside surface of the topside electrode and 
a top lid wherein a first light beam passage and a 
15 second light beam passage crossing each other through 
the central portion, extending throughout overall 
width of the topside electrode and being deeper than 
the movable electrode plate receiving recess are 
formed . 

20 4 The optical switch set forth in any of claim 1 

or claim 3, wherein 

there is formed a recess that the movable electrode •■ < — 
plate pulls into in a tops ide surface of the 
semiconductor silicon substrate constituting an 

25 underside electrode. 

[ 0001 ] 

[FIELD OF THE INVENTION] 

This invention relates to an optical switch and, more 
30 particularly, to an optical switch that is not 
influenced for bad by an outside vibration or 
oscillation by attracting a movable plate of a quite 
elastical structure wherein a mirror switching ON 
and OFF a light beam by letting the light beam pass 
35 through or be reflected is mounted. 



[ 0002 ] 
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[BACKGROUND OF THE INVENTION] 

The prior art optical switch will be described with 
reference to FIGS. 10 to 11. Reference numerals 
denote that 1 is a semiconductor silicon substrate, 
5 2 is a movable electrode plate and 4 is a micro mirror. 
Semiconductor substrate 1 made up of an n-type 
semiconductor silicon as an example constitutes an 
underside electrode and movable electrode 2 is fixed. 
At a central portion of this semiconductor silicon 
10 substrate, recess 11 is formed and as a result of 
this figure, a peripheral area of recess 11 
constitutes electrode supporting frame 12 for fixing 
the movable electrode. 
[0003] 

15 Movable electrolde plate 2, just like semiconductor 
silicon substrate 1, is formed of a material such 
as semiconductor silicon. Reference numeral 21 is 
a flexure portion and reference numeral 2 2 is an anchor 
portion. Movable electrode plate 2 is integrally 

20 formed with flexure portion 21 and anchor portion 
22 and is fixedly fitted into electrode supporting 

«<•-••-- frame 12 of -semiconductor silicon substrate 1 via 
flexure portion 21 and anchor portion 22 inthis order. 
[ 0004 ] 

25 Micro mirror 4 is fixedly fitted into a topside surface 
of movable electrode plate 2 standing upright. A 
reflecting surface of micro mirror 4 is formed at 
a slant, for example, at an angle of 45 degrees with 
respect to an incoming direction of a light beam. 

30 An optical switching by an optical switch will be 
described with reference to FIG. 11. FIG. 11(a) 
illustrates a steady state that movable electrode 
plate 2 is not driven by an attraction. Inthis steady 
state, an incident light beam enters into micro mirror 

35 4 and thereby is reflected upwardly at a vertical 
direction to this diagram. FIG. 11(b) illustrates a 
driven state that by applying a voltage between 
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movable electrode plate 2 and semiconductor silicon 
substrate 1, movable electrode plate 2 is attracted 
toward semiconductor silicon substrate 1. In this 
driven state, micro mirror 4 formed on a topside 
5 surface of movable electrode plate 2 is displaced 
downwardly and an incident light beam passes over 
an upper portion of micro mirror 4 and proceeds 
directly. Accordingly, with regard to any of a 
proceeding direction and an upward vertical direction 
10 of an incident light beam, a light beam can be switched 
ON and OFF . 



[ 0005 ] 

[OBJECTS TO BE OVERCOME] 

15 The foregoing optical switch consists of a conductive 
substrate like semiconductor silicon, a movable 
electrode plate of a conductive material formed on 
an upper portion of this substrate with space and 
a micro mirror formed on a topside surface of the 

20 movable electrode plate and the application of a 
driving voltage between the movable electrode plate 

- - and- ■» the- ■ conduct ive subst rate causes the^ movable 
electrode plate to be displaced by an electrostatic 
drive, the light beam is thereby switched ON and OFF. 

25 In this case, in consideration of a request for 
lowering the driving voltage applied between the 
movable electrode plate and the conductive substrate, 
the flexure portion of a structure supporting the 
movable electrode plate is formed of a quite 

30 elastically fine structure. Due to this structure, 
in the steady state that the movable electrode plate 
is not absorbed to the conductive substrate, the 
movable electrode plate is oscillated receiving an 
outside vibration largely and stability 

35 characteristic of a switched ON and OFF of the optical 
switch is deteriorated. And also, the flexure 
portion of the quite elastically fine structure might 
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be mechanically damaged and broken. 
[ 0006 ] 

It is therefore an object of this invention to provide 
an optical switch that solves the foregoing drawbacks 
by forming a topside electrode and an underside 
electrode holding a movable electrode plate at both 
of an upper side and a lower side within a movement 
region of the movable electrode plate with an 
electrostatic force . 



[ 0007 ] 

[MEASUREMENTS TO OVERCOME THE DRAWBACKS] 

Claim Is An optical switch includes semiconductor 

silicon substrate 1 that constitutes an underside 

15 electrode, movable electrode plate 2 that is fixed 
through a flexure portion and anchor portion 22 and 
bonded into semiconductor substrate 1 , micro mirror 
4 that is formed upstanding in a topside surface of 
movable electrode plate 2, topside electrode 3 that 

20 is positioned at a topside of the movable electrode 
plate and is fixedly bonded into the semiconductor 
^ .. s iiicon* substrate -1 and driving power -source 5 that 
switches a connect ion to topside electrode 3 and 
semiconductor silicon substrate 1 through a polarity 

25 reversal switch with reference to movable electrode 
plate 2 . 
[ 0008 ] 

And, claim 2: The optical switch set forth in claim 
1, wherein semiconductor silicon substrate 1 is 

30 composed of an N-type semiconductor silicon, movable 
electrode plate 2 and topside electrode 3 are composed 
of poly s il icon and micromachining technology is used. 
Also, claim 3: The optical switch set forth in any 
of claim 1 or claim 2, wherein topside electrode 3 

35 has centrally thereof movable electrode plate 
receiving recess 34 formed in an underside surface 
of topside electrode 3 and a top lid wherein a first 
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light beam passage 35 and a second light beam passage 
36 crossing each other through the central portion, 
extending throughout all width of the topside 
electrode and being deeper than movable electrode 
5 plate receiving recess 34 are formed. 
[0009] 

Further, claim 4: The optical switch set forth in 
any of claim 1 or claim 3, wherein there is formed 
recess 11 that movable electrode plate 2 pulls into 
10 in a topside surface of semiconductor silicon 
substrate 1 constituting an underside electrode. 

[ 0010 ] 

[EXAMPLES OF THE PREFERRED EMBODIMENTS] 
15 An embodiment of this invention will be described 
with reference to an embodiment example of FIG.l. 
FIG. 1(a) is a view of a first embodiment looking from 
above, FIG. 1(b) is a sectional view taken along line 
E-E' in FIG.l and FIG. 1(c) is a sectional view taken 
20 along line F-F ' in FIG. 1(a). 
[ 0011 ] 

in FIG.lv reference numerals * denote that 1 is- a- 
semiconductor s ilicon substrate, 2 is a movable 
electrode plate, 3 is a topside electrode, 4 is a 

25 micro mirror and 5 is a power sorce. Semiconductor 
silicon substrate 1 composed of N-type conductive 
silicon constitutes an underside electrode and 
movable electrode plate 2 and topside electrode 3 
are fixedly fitted into semiconductor silicon 

30 substrate 1. At a central portion of semiconductor 
silicon substrate 1, recess 11 is formed and as a 
result of this structure, a peripheral portion of 
recess portion 11 constitutes electrode supporting 
frame 12 that fixedly fits into the movable electrode 

35 plate. Recess 11 is an area where movable electrode 
plate 2 pulls into and is attracted there. 
[ 0012 ] 



7 



Movable electrode plate 2 is formed of a polysilicon 
material. Reference numeral 21 is a flexure portion 
and reference numeral 22 is an anchor portion. 
Movable electrode plate 2 is integrally formed with 
5 flexure portion 21 and anchor portion 22 and is fixedly 
fitted into electrode supporting frame 12 of 
semiconductor silicon substrate 1 through flexure 
portion 21 and anchor portion 22 in this order. 
[ 0013 ] 

10 Topside electrode 3, just like movable electrode 
plate 2, is formed of a polysilicon material. 
Reference numerals denote that 31 is a topside 
electrode anchor portion, 32 is a rising portion and 
33 is a through-bore formed at a central portion of 

15 topside electrode 3. Topside electrode 3 is 
integrally formed with rising portion 32 and topside 
electrode anchor portion 31 and is fixedly fitted 
into electrode supporting frame 12 of semiconductor 
silicon substrate 1 through rising portion 32 and 

20 topside electrode anchor portion 31 in this order. 
[0014] 

Micro mirror 4 is fixedly fitted into a topside surface 
of movable electrode plate 2 standing upright. A 
reflecting plane of micro mirror 4 is formed at a 

25 slant with respect to an incoming direction of a light 
beam, for example , at an angle of 45 degrees. Driving 
power source 5 switches ON and OFF the optical switch 
by connecting to semiconductor silicon substrate 1 
constituting topside electrode 3 and an underside 

30 electrode with reference to movable electrode plate 
2 through a polarity reversal switch (not shown). 
[ 0015 ] 

As below, a description will be given of each step 
involved in the manufacture of the first embodiment 
35 depicted in FIG.l with reference to FIGS. 1 to 2. 
Step 1 : Semiconductor silicon substrate 1 of an N-type 
conductive silicon is coated on its surface with 
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polys i lie on film ai and is patterned thereto. A shape 
of polysilicon film ai corresponds to an etching area 
of semiconductor silicon substrate 1 in step 8. 
[ 0016 ] 

Step 2: A Si0 2 film is formed over the entire surface 
of polysilicon film a 2 . Only an area corresponding 
to an area where to form anchor portion 22 of movable 
electrode plate 2 within the Si0 2 film is removed to 
expose a surface of semiconductor silicon substrate 
1 . 

Step 3 : This step 3 is a step to form movable electrode 
plate 2 . Polys ilicon film a 2 is formed over the entire 
surface including the exposed area to diffuse boron 
thereto. Due to this diffusion of boron, boron is 
diffused into the surface of semiconductor silicon 
substrate 1 and a PN junction is formed on the surface 
of substrate 1 . This polysilicon film a 2 is formed 
in a state of being in contact to the exposed area. 
Then, polysilicon film a 2 is patterned to make anchor 
portion 22, flexure portion 21 and movable electrode 
plate 2 by using photolithography and etching 
technologies-; * •« ■-*■■-•.,,*. ~-<^ - ■ *.r..- 

[ 0017 ] 

Step 4: Steps 4 to 5 are steps to form topside electrode 
3. A Si0 2 film is formed over the entire surface 
thereof. Only an area corresponding to an area where 
to form topside electrode anchor portion 31 within 
the Si0 2 film is removed to expose a surface of 
semiconductor silicon substrate 1. 

Step 5: Polysilicon film a 3 is formed to diffuse boron 
thereto. Then, polysilicon film a 3 is patterned to 
a shape of topside electrode 3 by using 
photolithography and etching technologies. 
[ 0018 ] 

Step 6: A Si0 2 film is formed over the entire surface 
thereof. Then, areas corresponding to areas where 
to form micro mirror 4 and an etching hole including 
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this Si0 2 film b 3 are removed. That is , an area where 
to make micro mirror 4 extends down to the surface 
of polysilicon film a 2 where to form movable electrode 
plate 2. An area where to make the etching hole 
5 extends down to the surface of polysilicon film a 
1 corresponding to an etching area of semiconductor 
silicon substrate 1. 
[ 0019 ] 

Step 7: A resist film is thickly coated all over the 
10 surface. Then, anarea where to make mirror 4 through 
exposure and development is formed. An area of micro 
mirror 4 to be formed is filled with gold (Au) , nickel 
(Ni) or another metal di by electric plating to make 
micro mirror 4 . 
15 Step 8: The resist film is removed. A KOH solution 
flows through the etching hole, by which 
semiconductor silicon substrate 1 and polysilicon 
film a x formed over its surface are etched away. 
[ 0020 ] 

20 Step 9: Residual Si0 2 film b therein is removed away 
by a HF solution. Next, a second embodiment will be 
- described with reference to FIG . 4 . FIG . 4 ( a ) is a view 
looking the second embodiment from above, FIG. 4(b) 
is a sectional view taken along line A- A ' in FIG. 4(a) 

25 and FIG. 4(c) is a sectional view taken along line 
B-B' in FIG. 4(a). In this second embodiment, the 
parts in common with those in the first embodiment 
are identified by the same reference notes . In this 
second embodiment, configurations of topside 

30 electrode anchor portion 31 and rising portion 32 
described in the first embodiment are simplified, 
but others are almost the same. 
[0021] 

Semiconductor silicon substrate 1 is composed of 
35 N-type conductive silicon and constitutes an 
underside electrode, and movable electrode plate 2 
and topside electrode 3 are fixedly fitted thereto. 
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Recess 11 is formed at a central portion of 
semiconductor silicon substrate 11 and as a result, 
a peripheral portion of recess 11 constitutes 
electrode supporting frame 12 to fixedly fit into 
5 the movable electrode plate. Movable electrode 
plate 2 is formed of a polysilicon material. 
Reference numerals denote that 21 is a flexure portion 
and 22 is anchor portion. Movable electrode plate 
2 is integrally formed with flexure portion 21 and 
10 anchor portion 22 and is fixedly fitted onto electrode 
supporting frame 12 of semiconductor silicon 
substrate 1 through flexure portion 21 and anchor 
portion 22 in this order. 
[ 0022 ] 

15 Topside electrode 3, just like movable electrode 
plate 2, is formed of a polysilicon material. 
Reference numerals denote that 31 is a topside 
electrode anchor portion, 32 is a rising portion and 
33 is a through-bore to be formed at a central portion 

20 of topside electrode 3. Topside electrode 3 is 
integrally formed with rising portion 32 and topside 
electrode anchor portion- 3 1 and is fixedly fitted' 
into electrode supporting frame 12 of semiconductor 
silicon substrate 1 through rising portion 32 and 

25 topside electrode anchor portion 31 in this order. 
[0023] 

Micro mirror 4 is fixed into a topside surface of 
movable electrode plate 2 standing upright. A 
reflecting plane of micro mirror 4 is formed at a 

30 slant, for example, at an angle of 45 degrees with 
respect to an incoming direction of a light beam. 
The forgoing optical switching by an optical switch 
will be described with reference to FIG. 5. FIG. 5(a) 
represents a case where driving power source 5 is 

35 applied to movable electrode plate 2 with a positive 
and topside electrode 3 with a negative. In this case, 
movable electrode plate 2 is attracted toward topside 
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electrode 3 and a light beam enters into displaced 
micro mirror 4 to thereby be reflected upwardly in 
a vertical direction with respect to this diagram. 
[0024 ] 

FIG. 5(b) represents a case where driving power source 
5 is applied to semiconductor silicon substrate 1 
with a positive with respect to movable electrode 
plate 2. In this case, movable electrode plate 2 is 
driven and attracted toward semiconductor silicon 
substrate 1, and micro mirror 4 to be formed on a 
topside surface of movable electrode plate 2 is 
displaced downwardly and then an incident light beam 
proceeds in a straight way passing over the topside 
of movable electrode plate 2. Accordingly, with 
regard to any of a proceeding direction and an upwardly 
vertical direction of an incident light beam with 
respect to this diagram, the light beam can be switched 
ON and OFF. 
[ 0025 ] 

Accordingly, in any of cases where a light beam is 
reflected by micro mirror 4 and passes over the tops ide 
of micro mirror 4, movable electrode plate 2 is 
attracted toward and held into topside electrode 3 
or semiconductor silicon substrate 1 constituting 
the underside electrode, so movable electrode plate 
2 is not influenced for the outside vibration or 
oscillation. A third embodiment will be described 
with reference to FIGS. 6 through 7. FIG. 6(a) is a 
perspective view looking the third embodiment from 
above, FIG. 6(b) is a sectional view taken along line 
G-G' in FIG. 6(a) and FIG. 6(c) is a sectional view 
taken along line H-H ' depicted in FIG. 6(a). FIG. 7 
is an oblique perspective view looking a topside 
electrode from under. In the third embodiment, the 
parts in common with those in the foregoing 
embodiments are identified by the same reference 
notes . 
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[0026] 

The third embodiment of the optical switch consists 
of a top lid wherein topside electrode 3 has centrally 
thereof a movable electrode plate receiving recess 
allowing movable electrode plate 2 to move upwardly 
and downwardly formed in an unders ide surface. Then, 
in the underside surface of topside electrode 3 
consisting of the top lid, further a first light beam 
passage 35 and a second beam passage 36 crossing each 
other passing through the central portion, extending 
throughout all width of topside electrode 3 and being 
deeper than movable electrode plate receiving recess 
34 are formed. Then, topside electrode 3 consisting 
of the top lid and semiconductor silicon substrate 

1 being bonded each other, movable electrode plate 

2 and micro mirror 4 fixed into its surface are 
accommodated into an aerial space formed by recess 
11 formed in a topside central portion of 
semiconductor silicon substrate 1 and movable 
electrode receiving recess 34 formed in an underside 
surface of topside electrode 3. 

10027 ] - 

As below, a description will be given of each step 
for making the third embodiment depicted in FIGS. 6 
and 7 with reference to FIGS. 8 to 9. Topside 
electrode 3 depicted in FIG. 7 is prefabricated by 
processing an etching on a semiconductor silicon 
substrate . 

Step 1: N-type semiconductor silicon substrate 1 is 
coated on its surface with polysilicon film a x and 
is patterned. A shape of this polysilicon film ai 
corresponds to an etching area of semiconductor 
silicon substrate 1 in step 8. 
[ 0028 ] 

Step 2: Si0 2 film bi is formed over the entire surface 
thereof. Only an area where to form anchor portion 
of movable electrode plate 2 within Si0 2 film b x is 
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removed to expose the surface of semiconductor 
silicon substrate 1. 

Step 3 : step 3 is a step to form movable electrode 
plate 2. Polysilicon film a 2 is formed over the entire 
5 surface including the exposed area to diffuse boron 
thereinto. This polysilicon film a 2 is formed in a 
state of being in contact to the exposed area. Then, 
polysilicon film a 2 is patterned to the shapes of 
anchor portion 22, flexure portion 21 and movable 
10 electrode plate 2 by using photolithography and 
etching technologies . 
[ 0029 ] 

Step 4: A Si0 2 film is formed over the entire surface 
thereof . The, an area corresponding to an area where 

15 to make micro mirror 4 within Si0 2 film b 3 is removed. 
An area corresponding to an area where to form an 
etching hole including this Si0 2 film b 3 is removed, 
too. That is, an area where to make micro mirror 4 
extends to the surface of polysilicon film a 2 where 

20 movable electrode plate 2 is formed. An area where 
to form the etching hole extends to the surface of 
polysilicon film a x corresponding to an etching area 
of semiconductor silicon substrate 1 is removed, too. 
[ 0030 ] 

25 Step 5 : A resist film is thickly coated over the entire 
surface thereof. Then, an area to make mirror 4 by 
exposure and development is formed. Next, the area 
is filled with gold ( Au ) , nickel (Ni) or anothermetal 
di by electric plating to make micro mirror 4 . 

30 Step 6: Resist film is removed. Then, a KOH solution 
flows via the etching hole and semiconductor silicon 
substrate 1 and polysilicon film ai formed on its 
surface are etched away. 
[ 0031 ] 

35 Step 7 : Residual Si0 2 filmb is removed by a HF solution. 
End surfaces of topside electrode 3 and semiconductor 
silicon substrate 1 of the constitution as described 
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before are bonded each other, and then the fabrication 
of the third embodiment of the optical switch is 
finished. By the way, with regard to insulation 
between anchor portions 22 and 31b of movable 
5 electrode plate 2 and topside electrode and N-type 
semiconductor silicon substrate 1, the PN junction 
created on the adjacent surface of semiconductor 
silicon substrate 1 due to diffused boron is used 
to realize insulation by applying a reverse-biased 
10 voltage. 
[0032] 

Also, with regard to insulation when an application 
of a voltage causes movable electrode plate 2 to 
contact to semiconductor silicon substrate 1 

15 constituting the underside electrode or topside 
electrode 3, even without a specific insulating 
process, contact resistance is so large that electric 
conduction at a contact surface is small sufficient 
for a practical use. And, a voltage to apply to the 

20 movable electrode plate, the topside and underside 
electrodes is around 5V in a case of a product with 
2mm square of semiconductor silicon substrate 1 and 
with this relatively low voltage, an optimum action 
of attraction is performed. 

25 

[ 0033 ] 

[EFFECT OF THE INVENTION] 

Accordingly, the movable electrode plate is always 
fixedly attracted toward any of the topside electrode 

30 or the underside electrode, so the optical switch 
of this invention is not influenced by the effect 
of the outside vibration or oscillation and action 
reliability as the optical switch can be enhanced 
greatly. Then, the semiconductor silicon substrate 

35 is made up of N-type semiconductor silicon and the 
movable electrode plate and the topside electrode 
are made up of polysilicon, so application of 
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micromachining technology is made easier to be able 
to constitute the optical switch. And also, with 
regard to insulation between electrodes, utilization 
of the aerially spaced layer and contact resistance 
realizes the optical switch of the simple 
configuration to thereby contribute to lower the 
production cost of the optical switch. 
[ 0034 ] 

Further, the topside electrode consists of the top 
lid where the movable electrode plate receiving 
recess is formed at the underside surface central 
portion thereof and the first optical passage and 
the second optical passage that pass through the 
central portion and extend throughout all width of 
the topside electrode crossing each other and are 
deeper than the movable electrode plate receiving 
recess are formed, thus, the movable electrode plate 
that is a movable element to be driven within the 
optical switch and the micro mirror fixed on its 
surface are accommodated into the aerial space formed 
by the recess formed at the central portion of the 
topside surface of the semiconductor silicon 
substrate and the movable electrode plate receiving 
recess. Therefore, these elements of delicate 
vulnerability are protected and decrease the 
possibility of the damages. The topside electrode 
being separately prefabricated by processing the 
etching on the semiconductor silicon substrate, the 
steps of manufacturing the underside parts other than 
topside electrode including the semiconductor 
silicon substrate and the movable electrode plate 
get greatly s implif ied . 

4. BRIEF DESCRIPTION OF DRAWINGS 
FIG.l is a view describing the embodiment. 
FIG. 2 is a view describing the manufacturing step 
of the embodiment depicted in fig.l. 
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Fig. 3 is a continuation of FIG. 2. 
FIG. 4 is a view describing other embodiment. 
FIG. 5 is a view describing the optical switching. 
FIG.6 is a view describing further other embodiment. 
5 FIG. 7 is a perspective view of a part of further other 
embodiment . 

FIG. 8 is a view describing the manufacturing step 

of the embodiment of FIG. 7. 
FIG. 9 is a continuation of FIG. 8. 
10 FIG. 10 is a view describing the prior art. 

FIG. 11 is a view describing the action of the prior 
art . 

[Denotes of references] 

1. SEMICONDUCTOR SILICON SUBSTRATE 
15 11. RECESS 

12. ELECTRODE SUPPORTING FRAME 

2 . MOVABLE ELECTRODE PLATE 
21 . FLEXURE PORTION 

22. ANCHOR PORTION 
20 3. TOPSIDE ELECTRODE 

31. TOPSIDE ELECTRODE ANCHOR PORTION 
4 32 .RISING PORTION 
33 THROUGH-BORE 
1 34. MOVABLE ELECTRODE PLATE RECEIVING RECESS 

25 35. FIRST OPTICAL PASSAGE 
36. SECOND OPTICAL PASSAGE 

4. MICRO MIRROR 

5. DRIVING POWER SOURCE 



